Introduction 28
Ceramics have been widely used for dental and biomaterials, e.g., for 29
prostheses. Zirconia has recently become one of the most popular ceramic dental 30 and biomaterials with its superior mechanical properties: highly tough and strong, 31 wear resistant, shock resistant, while both chemically and dimensionally stable [1] .
32
Its superior mechanical properties are due to a martensitic type phase 33 transformation that prevents crack propagation [2] . However, owing to its high 34 chemical resistance, traditional dental ceramic bonding techniques (e.g., chemical 35 ceramic etching) are not compatible with zirconia [2] . Traditional mechanical 36 grinding or sand blasting methods on dental ceramics can be an alternative, but it 37 may cause the phase transformation and hydrothermal fatigue degradation [3] . 38
Priming (or adhesive priming) is a surface treatment that can promote 39 adhesion of coatings or adhesives to the substrate of interest. Silane-based primers 40 (known as silane coupling agents) are commonly used to prime dental surfaces, 41 including ceramics. Despite many attempts to improve the bonding strength to 42 zirconia using the silane-based coupling agents, no significant improvement has 43
been reported yet [3] . 44
In the past decades, the National Institute of Dental and Craniofacial Research 45 (NIDCR) has supported interdisciplinary studies such as marine mussel adhesion 46 as the oral environment has much in common with the intertidal environment; 47 both oral and marine adhesions are subjected to opportunistic microbes, cyclic 48 stress, constant fluid flow with variations in salinity, temperature and pH [4] . 49 Figure 1 shows marine sessile organisms adhere to rocks at the seashore. over time) the previous work exposed the potential of catechol chemistry for dental 57 materials applications. In contrast to these previous approaches which mimic the 58 mussels use of catecholic complexation and crosslinking chemistry for 59 enhancement of cohesive strength within the byssus, we, in this study instead aimed 60 to mimic the mussel's means of priming surfaces with catecholic bondings that 61 increase the adhesive strength of mussel plaque to mineral surfaces [11] . 62 63
64
Figure 1. Mussels and other marine sessile organisms such as mussels anchored to mineral surfaces 65 at seashore in Santa Barbara, California, U. S. and surface priming in dental settings remains largely unexplored.
85
In this study, we investigated if one of the most pressing issues in 86 prosthodontics, poor adhesion to zirconia, could be overcome with catecholic 87 bioinspired surface priming. Using a previously reported bifunctional 88
catechol-methacrylate to prime zirconia, we were able to demonstrate significant 89 improvement in the knife shear bonding strength compared to untreated surfaces. 90
Moreover, the bonding performance is superior to commercial dental primers 91 reliant on acidic phosphate and carboxylate functionality. Our results highlight the 92 potential of catechol-mediated surface priming to solve bonding issues with 93 zirconia for dental and biomedical applications. In addition, we were able to 94 correlate bonding performance with surface coverage as measured by SEM and 95 offer an improved synthetic method to access the catechol methacrylate primer in 96
higher purity compared to the previously reported method [6, 16, 17] . 97
Materials and Methods 98
All chemicals were purchased from Sigma Aldrich. All dental resins and 99 primers were purchased as shown in table 1. 100 First, a cured dental resin rod 2.5 mm in diameter shown in Figure 2 was 176 prepared using a common dental monomer mixture (49.5 wt.% of Bis-GMA, 49.5 177 wt. % of TEGDMA, and 1.0 wt. % of DMAEMA and CQ mixture at 1:2 molar ratio).
178
The bottom of the rod was polished and leveled flat with #800 sandpaper. Dental 179 resin cement (Bisco, IL, USA) was then applied onto the bottom surface of the rod 180 (Figure 2 (c) ) as to simulate the bottom of the resin. The rod was then placed on the 181 primer-treated zirconia surface at orthogonal to the surface and lightly pushed 182 (Figure 2 (d) ). Subsequently, blue light (Demi™ Ultra Dental Curing Lights, Kavo 183 Kerr, CA, USA) was applied all around surface for the complete cure for 20-40 184 seconds (Figure 2 (e) ). All specimens were stored at room temperature for 1 day 185 prior to strength testing. Knife-edge shear bond test was performed at crosshead 186 down speed of 1 mm/min (Figure 2 (f) ) by a universal testing machine (UTM 4465, 187
Instron, MA, USA). Each test repeated 10 times (n = 10); average and standard 188 deviation were calculated. 189 190 
216
Surface morphology of zirconia surfaces with and without primer treatments 217 was studied with a SEM (Figure 3 ). In the SEM study, CP containing catechol 218 methacrylate shows a complete coverage of zirconia surface, whereas the 219 commercial zirconia primers (ZL, AP and UP) containing phospho-and/or 220 carboxyl-methacrylates show partial coating on zirconica surfaces. We predicted 221 that higher surface coverage would be positively correlated with the adhesive 222 performance of dental resins to zirconia surface, by allowing for a greater number 223 of contacts between zirconia and resin, which was subsequently supported by the 224 results of the shear bonding tests (vide infra). 225 226 227 coverage of CP on zirconia surface shown in SEM analysis in Figure 3 , the shear 235 bonding of CP (4.81 MPa ± 0.43, n = 10; the mean of maximum shear strength, ± as 236 standard deviation, and the n is number of experiments) was higher than 237 commercial zirconia primers containing phosphate and carboxylate methacraylates, 238
i.e., ZL (3.52 MPa ± 1.01, n = 10), AP (2.61 MPa ± 0.76, n = 10) and UP (3.49 MPa ± 239 1.03, n = 10), and three times stronger than the control without any primer (1.52 240 MPa ± 0.35, n = 10). 
Conclusions 247
In this study, we were able to replicate one of the marine mussel's mechanisms 248 of priming mineral surfaces by using a synthetic small molecule to prime zirconia 249 surfaces. Our strategy of tethering of a polymerizable methacrylate to a catechol 250 moiety was validated by superior bonding performance of our bioinspired primer 251 to zirconia, relative to several popular commercially available formulations. SEM 252 imaging shows that in contrast to those utilizing acidic monomers, the catecholic 253 primer provides a much greater degree of surface coverage, which is correlated 254 with the observed enhancement in dental bonding performance. Considering the 255 catecholic primers' higher strength and ease of application, this priming strategy is 256 well poised for further development in dental applications requiring bonding to 257 zirconia. 258 
